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Inthispaper,inordertoevaluatethepeakvaluesdistributionfornon-Gaussiantype
randomsignalswithawidefrequencyband,first,weevaluatetheratiooftheexpecta‐
tionnumberoflevel-crossingstothenumberofpeakvaluesdistributeｄｏｖｅｒｉｔｓｌｅｖｅｌ
ｉｎｔｈｅｃａｓｅｏｆｔｈｅＧａｕssianrandomprocess､Next,bycombiningthiswiththeexpres‐
sionofthelevel-crossings,weobtainanewexpressionofthepeakvaluesdistribution
fornon-GaussiantyperandomsignalswithawidefrequencybandHowever，itis
importanttoobtainthecumulativepeakdistributionratherthantheprobability
densityofpeakvaluesfortheevaluationofenvironmentalnoiseandvibrationSo,we
derivethefunctionofcumulativedistributionofpeakvalues，ａｎｄｗｅｃｏｎｆｉｒｍｔｈｅ
ｔｈｅｏｒｙｂｙｕｓｉｎｇａｄigitalsimulationFinally,weapplytheproposedtheorytotheroad
trafficnoiseobservedinOkayaｍａｃｉｔｙ,Japan,ａｎｄｃｏｍｐａｒｅｔｈｅｎewmethodwiththe
previousmethods・Fromthisexperiment，weexaminetheeffectivenessofproposed
theory．
llntroduction
lnordertoobtainthestatisticalintensityofrandomsignalsinnature，ｉｔｉｓｎｏｔ
ｅｎｏｕｇｈｔｏｏｎｌｙｏｂｔａｉｎｔｈｅｐｒobabilitydensityofamplitude､Therefore,thepeakvalue
distributionisstudiedbymanyresearchers[1］～［5]Letjr(/)denotearandomsignal
oftimej・Whenfrequencycharacteristicofjr(t)isnarrowband(Fig.１),weareable
toevaluatethepeakvaluedistributionfromlevel-crossingsbyinstantaneousvalues
jr(/)andthefirstdifferentiationvalues[1]､Conversely,whenthefrequencycharacter‐
isticisawideband(Fig.２),thepeakvaluedistributioncanbeevaluatedbylimiting
theamplitudedistributiontotheGaussianrandomprocessusingtheseconddifferentia‐
tionvaluesji;(/)ｉｎadditiontoinstantaneousvaluesW)andthefirstdifferentiation
valuｅｓｊ６(t）［2]However,itisrarethateithertheamplitudeｏｆｊr(/）isdistributed
accordingtoatypicalGaussiandistributionorthefrequencycharacteristiCisnarrow，
Therefore,inthispaper,ｗｅｓｈｏｗａｍｅｔｈｏｄｔｏｅｖａｌｕａｔｅｔｈｅｐｅａｋvaluedistributionby
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Fig.１Ａｎｅｘａｍｐｌｅｏｆｒａｎｄｏｍｓｉｇｎａｌｓｗｉｔｈａｎarrowfrequencyband
（］）×
ｔ［s］
Fig.２Ａｎｅｘａｍｐｌｅｏｆｒａｎｄｏｍｓｉｇｎａｌｓｗｉｔｈａｗidefrequencyband
widefrequencybandFurthermore,weconfirmthe
Pybyusingadigitalsimulationandactualroad
level-crossing,evenwhenW)hasa
effectivenessoftheproposedtheor
trafficnoise．
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２TheoreticalConsiderations
2､Ｚｒ比ａｚｓｅｑﾉF〃o"-Gz2‘Ｍｚ〃、"ぬ加川cessα"cWzαγｿ'Ｄｚ{ノル9"c"Ｇｙ６α"‘［1］
Letjrandjtbetheinstantaneousvaluesandthefirstdifferentiationvaluesfora
generaltypestationaryrandomsignaM(/)withnon-Gaussiandistribution,respective
ly・Then,theexpectednumbeｒｏｆｊｒｐｅｒｓｅｃｏｎｄｃｒｏｓｓｉｎｇｏｖｅｒａｎａｒbitrarylevelxis
giveninSORice［6］ａｓ：
ﾉ(~功(如伽jVi(")＝ (１）
whereDA(jWt)isajointprobabilitydistributiｏｎ(abbr.ｐ・df)ｏｆ妬andjtHerewecan
adoptthewell-knownstatisticalHermiteorthonormalexpansionformasthejointp
d､ｆｉｎＥｑ.(1)asfollows：
蒜exp(-竺元言Z}×万誌exp{-急｝
×負急{AMH(￥)Ｈｈ(筈)）
山(ｊＭ)＝
(2)
with解＝<苑>,虚＝〈(，r－浬)2＞ａｎｄ巌＝<え2>､Where〈＊＞isanaveragingoperation，
Hh(妬)areHermitepolynomialsof〃thorderandA("〃)areexpansioncoefficients
defineｄａｓ：
ＡＭ)-古志ＨＭ(筈）
Setupanormalizationofjr(ノルーＯａｎｄｄｊｒ＝1),andsubstituteEq.(2)intoEq.(1)
andusingtherelationsfromParseval，stheorem:。x＝ｲﾜｱｱｱ5ａｎｄｄｘ＝イヮ応,ｗｅｈａｖｅ
M(獺)=去儒･一議剛 (3)
ｗｉｔｈ
凡(妬)-負A("川躯)+』孚菖A("’1)肌）
｡。
＋息H),,-2(0)葛A(Ｍ)Hh('r)．
and
"獺=ｒ伽(`Ｍ，
whereＳ(の)denotesapowerspectrumofjr(t)．
Ｗｈｅｎr(/）hasanarrowfrequencyband,forpracticalpurposes,theexpected
numberoflevel-crossingscanbeapproximatedtotheexpectednumberofpeakvalues
distributedoveritslevel［7]、Accordingly,apeakvaluedistributionか(jr）ofthe
randomsignalwithanarrowfrequencybandcanbeevaluatedusingtheexpected
numberoflevel-crossingsmentionedabove・Ａｐ・ｄｆｏｆｔｈｅｐｅａｋｖａｌｕｅｓｉｓｏｂｔａｉｎｅｄｂｙ
MasayoshiNAKAMoTo・HideoMINAMIHARA376
differentiatingEq.(3)withrespectto苑anddividingtheexpectednumberofallpeaks
jVi(0),asfollows：
lQWi(妬） (4)pjv(妬)＝ lVi(0）血
Hence,bysubstitutingEq.(3)intoEq.(4),ageneralexpressionofp・dfofthepeak
valuesisderivedas
伽(災)一二瀞』J(にOL(5)
ｗｉｔｈ
,/万 。●昌A(",')Hh+'(,に）
｡。
Ｂ(jr)ニーョＡ("’0)Ｈｈ+,(jr)＋ルー0 ２
。◎
＋ＺＨｈｍ－２(0)ｚＡ(，Ｍｚ)Ｈ》､+,(兀)．
疵＝２ 〃＝Ｏ‘
ａ２Ｔｌｚｅｃｚｚｓｅｑ／CCZ"ss伽、"血沈Ｐｍｃｅｓｓα"‘z(ﾉ雄加9"e"Ｑｙ６α〃
Inthissection，ｗｅａｓｓｕｍｅｔｈａｔｔｈｅａｍｐｌｉｔｕｄｅｏｆｒａｎｄomsignalisdistributed
accordingtoaGaussiandistributionThen,ａｎｅｘｐｅｃｔｅｄｎｕｍｂｅｒｏｆｐｅａｋｖａｌｕｅｓｏｆlevel
jMf(妬),isexpressedusingthealreadyknownthreedimensionaljointpdfPA(ｊＭ,ji;）
ofjr，jtandtheseconddifferentiationvalueji;ａｓ：
１Ｍ(難)=ﾉ[:'ＭＭＭ (6)
AndPA(妬,ｊＭ)isthewell-knownp・dfexpressedas
…#(肋)3ｍ両雨exp[-吉{蓋十(…,表;蓋'三g;;場'肺團)}](7)
TheexpectednumberofallpeaksMdistributedinalllevelsperunittimeisgiven
byintegratingM(jr)from-ootoooasfollow：
血
・
川厩
侭’ん１｜肋
一一一一
Ｍ
(8)
Accordingly,ｔｈｅｐ､ｄｆ・ofpeaks［2］isobtainedbydividingEq(6)ｂｙＥｑ.(8)：
…)=蒜｡-純we一歩vr=扇の(-躯旦壽） (9)
where
の(α)=志ro-評の，
APracticalEvaluationTheoryofthePeakValuesDistributioninArbitraryRandomSignalsandltsApplicationtoRoadTrafficNoise377
andeoisaparameterrelatedtofrequency,expressedas
,/雪雲三雲 0０ｓｏ＝
Next,wewillconsidertheratiobetweentheexpectednumberoflevel-crossingsand
peaksdistributedoverthelevelinthecaseofGaussiantyperandomsignalsTheratio，
γ(x,ＣＯ),canbeexpressedbytwovariables,(leveMandfrequencyparametereo),and
iscalculatedby
M×ﾉ(~，．(“･)血γは,ｓｏ)＝ 01）
WhereＭ(妬)isaspecialcaseof1Vi(妬)intheGaussianrandomprocess(Fb(，r)＝1)，
derivedａｓ：
Ｍ)-去儒･一読
SubstitutingEqs.(8),(9),(12)intoEq.(11),ｗｅｏｂｔａｉｎ
ｘ㈹)-高の(舌)+の(-蕊写）
(12）
(1３
２３ＤＣ岬α肋〃ｑ／〃"伽eγｑ／αﾉﾉＰＣαﾉｾs
lnthissection,ｗｅｅｖａｌｕａｔｅｔｈｅｎｕｍｂｅｒｏｆａｌｌｐｅａｋｖａluesinanarbitrarylevelper
unittimeTheexpectednumberofallpeaksinarandomsignaljr(t)canbederived
throughthenumberoflevel-crossingsofthedifferentialsignaM(ｊ)Accordingly,inthe
differentiationvaluejt(/),theexpectednumberofM(jr)perunittimeofleveMcan
beobtainedfromEq.(3)ａｓ：
M(幻一夫厩c(六） ⑭
where
Ｇ(ﾎﾟ)=急B("川尤)+』孚負B(",l)肌）
＋昌脇-2(0)葛B(Ｍ)Hh(妬)，
andＢ("伽)isdefinedbythesameprocedurewithA("伽),ａｓ
Ｂ(Ｍ)－歳方H(六)仏(六）
Now,lettingえ＝ＯｉｎＥｑ.(10,sincetheexpectednumberofallpeaksofjr(/)agrees
withthenumberofO-crossingsofjt(/),ｗｅｈａｖｅ
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肌-会偏G(0） 05）
2.4Ｔ〃ｅａｚｓｅｑｎｚｏ"-GZzz4ssjZz〃'zz"cllD加Ｐｍｃｅｓｓα"cノＤＭ！b加9"c"Cybcz〃
Inthissection，ｗｅｗｉｌｌｄｅｒｉｖｅａｎｅｗｐ・dfforthepeaksvaluesinageneralized
expansionformapplicabletoanｙｔｙｐｅｏｆｒａｎｄｏｍｓｉｇｎａｌｓｗｉｔｈａｗｉｄｅｆrequencyband
basedonthenumberoflevel-crossingslVi(jr)andtheratiofunctionγ(，r,ｓｏ).First,ｗｅ
ｄｅｆｉｎｅｅ１ｉｎｓｔｅａｄｏｆｅｏａｓ
,Ｒ写P了 (1０Ｃｌ＝
Thenanewpeakvaluesdistributionfornon-Gaussiantyperandomsignalswithawide
frequencybandl,(jr,e,)isderivedby
，!(“,)=一志念{γ(“!)jvi(鯨)｝⑰
Rearrangingthis,ｗｅobtainanewevaluationformulaforthepeakvaluesdistribution
applicabletoanytypeofrandomsignalswithawidefrequenCybandasfollows：
１阿一ａ，Ｍ‐{(B(難)-畑("))の(告)+､/、-台Ⅷ)の(-〃
＋念・-紳凡(苑)}川 (18Ｉ
Whenrandomsignalshaveanarrowfrequencyband，e1convergestoOand
崇耕(に⑩⑩隅''(咽）
EqU8IagreeswiththepreviousevaluationmethodEq.(5)ｉｎthecaseofanarrow
frequencyband・Also,whentheamplitudeofrandomsignalsisdistributedaccording
toaGaussiandistribution,therelations：
朧
willholdThusEq.(１０becomes
Ｐ,(jr,e,)＝，0(jr,ｓｏ)．（20リ
Inthiscase,Ｅｑ.(lMagreeswiththepreviousevaluationmethodEq(9)．
Ofcourse,whentherandomsignaljr(/)hasanarrowfrequencycharacteristicsand
itsamplitudeisdistributedaccordingtoaGaussiandistribution,Ｅｑ.(18）equalestoa
Reyleighdistribution：
隅,,(jr,e,)＝隈，｡(jr,so）
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＝jre-学，（兀三Ｏ)． (21）
Therefore,ａｓＥｑ(18Iincludesthreespecialcases,Ｅｑｓ(19,(２０ａｎｄ(21),weconfinedone
ofthevalidityofourproposedmethod
2､５Ｃ"池"肱zﾉｅ〃αﾉMisメガ〃わ〃ｑ／α池ｊ〃'Wzz"血沈s2ig7zaZs
lntheevaluationofenvironmentalnoiseandvibration,thecumulativedistribution
formsareusuallyusedratherthanprobabilitydistributionforms、
Thecumulativedistributionsofljv(妬)andPo(x,ＥＣ)arederivedfromtheirdefinitions
ａｓ
Ｍ［)＝ﾉ(ＭＭ‘
-1-旦二鶏匹1， ⑰
and
ﾉ[鳥，化馴‘9｡(，r,ｓｏ)＝
＝１－(の(舌)+厨‘糊(-躯｣二三)｝
Inthesamemanner,thecumulativedistributionofP,(jr,E,)ｉｓ
‘!(“､)＝ﾉ[＞,(帆M'
二1-ﾉ(~凸(加川‘
⑬
0０
SubstitutingEq.(17)intoEq.(20,ｗｅｈａｖｅ
,M-l-ﾉlrT-志最(,Ｍｌｖｉ(蕊)}し
-1-[一方,Mjvi(雛)I：
-1+煙{六γ(Ｍ)M(範)}一志γ(加川） (25）
Andusingtherelations：
|菱KlIiijjLTノ
Eq.(25)isexpressedasfollows：
１両②剛辨儒
が１｜柵一一一一一一 の(苦）
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旦三)｝+・‐評の(-” (2０
Ｎｏｗ,Ｅｑ.(１０ｃａｎｂｅｒｅｗｒｉｔｔｅｎａｓ：
歳儒一等界， ⑰
eventually,bysubstitutingEq.(27)intoEq・㈱,weobtainthenextcumulativedistribu‐
tionformforpeakvalues：
`M-l-R(雛)(の(苦)+v'=て7.-夢,
×の(-難｣早川(い ㈱
３ExperimentalConsiderations
Inthissection，weconfirmtheresultsexperimentallybyapplyingtheproposed
theorytodigitalsimulationdataThesampledsimulationdatas`(ノー1,2,3…)have
beennormalizedbythemeanﾉ[zandstandarddeviationdx・Statisticalmomentvalues
池0，''０２ａｎｄ〃4,whicharenecessaryforevaluationofpeakvaluesarecalculatedby
instantaneous,firstandseconddifferentiationvalues，respectively・Fig3showsthe
resultofacomparisonbetweensimulationdataandtheoreticallyestimatedcurvesof
q｣v(jr),９０(jr,EC)ａｎｄ９，(jr,ｅ,)Fromthefigure,agoodagreementbetweentheoryand
experimentcanbefound
Next,weapplytheproposedtheorytoroadtrafficnoiseobservedinOkayamacity，
JapanTheobserveddatawasmeasuredbyadecibelscale,andseverallowerlevel
peakvalueswhichwerenotimportantforanevaluationofenvironmentalnoiseand
vibrationwereignored・Fig4showsacomparisonbetweenobservedpeakvaluesand
theoreticallyestimatedcurvesofpeakvaluesinｔｈｅｃａｓｅｏｆｔｈｅｃｕｍｕｌａｔｉｖｅｆｏｒｍ：
Q"(jr),Ｑｏ(jr,so)ａｎｄＱ,(妬,e,)， 割佇佇
伽
一
一
一
一
一
一
の
Ｊ
１
ｅ
ｅ
伜ｌ桝岬
Fromthisfigure，ａｔａｈｉｇｈｌｅｖｅｌ，itisevidentthatthevaluesestimatedusingthe
proposedmethodQlは,ｅ,)agreesuccessfullywiththeobservedpeakvaluesincompar‐
isonwiththepreviousmethodsQo(jr,ｓｏ)orQv(妬),assumingaGaussiandistributionor
narrowfrequencyband．
４Conclusions
lnthispaper，ｗｅｐｒｏｐｏｓｅｄａｎｅｗｔｈｅｏｒｙｉｎｏｒｄｅｒｔｏｅvaluatethepeakvalues
distributionofnon-GaussiantyperandomsignalswithawidefrequencybandThe
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proposedmethodcoulddeterminethepeakvaluesdistributionbasedontheexpected
numberoflevel-crossingswithoutusingseconddifferentialinformation､Thevalidity
andeffectivenessoftheproposedmethodwereexperimentallyconfirmedfirstusinga
digitalsimulationtechniqueandthenbyaPplyingthemethodtoactualroadtraffic
noiseobservedinOkayamacity,Japan
Thereremainmanyfurtherproblemsofinterest;ｆｏｒexample,applyingthemethod
inotherengineeringfields［8］～［11］
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